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(57) Abstract: 



PROBLEM TO BE SOLVED: To 
provide an inexpensive surface 
acoustic wave device which has its 
electrode structure that is easily 
machined and also has its satisfactory 
and stable characteristic by using an 
IDT which is formed on a crystal 
substrate having a specific Eulerian 
angle and constituted of an electrode 
material containing tungsten. 

SOLUTION: A surface acoustic 
wave resonator 1 is constituted of a 
rectangular crystal substrate 2, which 
has an Eulerian angle 9 of 122°* 0« 
131° in Eulerian angles (0, G, 90°). 
An IDT 3 is formed on the substrate 2 
and has a pair of comb-teeth 
electrodes 3a and 3b. The fingers of 
both electrodes 3a and 3b are inserted 
into each other. The reflectors 4 and 5 
are placed on both sides in the surface 
propagation direction of the IDT 3. 
The IDT 3 and the reflectors 4 and 5 
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are formed of tungsten. Thus, the 
band width is widened and 
accordingly the allowance is 
improved against the fluctuation of 
center frequency that is caused by the 
temperature change. 
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[19**1] *>f9— A (0, 9, 9 0° ) ysfin 

12 2° ^0^131° -C*>6*JM&Ei. [19**3] Bili£*x53cffi&£>&S$: A fc Lfci: # 

[If** 2] t>f7-ft (0, 0, 9 0° ) ld*5V^ 5r«^t5®®»WTa-C'fc^ ^^-T^A-h 

X, 125° ^0112 8° T^5*SSSh 9^^^— 9"^BWSrh. ^^-f^yvh?^ 

0 = 1 2 5. 4 4 + 1 0 8. 2 7 XdXh/A±l. 2 

tS*tTV^*-i:Sr#»fc-**S, 19** 1 ~ 3 covvfn X^fa-foRISrh, ^^-f^vh7^f 
[19**5] flffE-O* — 7^/Vh7^f^t 0d5. 

9 = 1 2 5. 7 0 + 4 9. 8 7 XdXh/A±l. 2 -5£(2) 



fcSttTV^sri:Sr»»ti-S, if ** l ~ 3 tf>v^-f *x 

£Niot £rL7c££S-, Niot j&S2 0 OETFfc Sivcv^ 
5It*»«fct5, gf**l-5C0V^tt^c|E«c^ 

[19**7] ffjfSN.DT ^l0 0OTt^ntv>5r 

tS:4*»i:i-*. »#*6 {£EttO#tt*ffi&36«o 
[if**8] flfjEN.oT ^2 0KTkS^"Cv^lt 

[if** 9 ] fftie-r — TV** a* b 9 ^^T-^-i?- 

ref &2 0UTb£tiX\,^^b*W&b~tZ>, if** 

i - 5 <z>v^^jcia<Ko?H4*asasas«n 

[ff**l 0] SM4*ffiS#ifHF-i: LT^if**6- 

[ff**l 1] t^7-ft (O, 0, 9 0° ) Kfc^ 
0#N 12 5° ^0^128° -VfoZ>7k&g;tRb, 

BfiiaiBi, ^2<^-r^^— f^^^^7a-to 



aftlEJSi, $2^>^-7^^h7^ri-f58 

^^tiX^iSMJ^I'fiHffi^G, x=G/ 
UU ^y^-7^^h7^7a-f(^)|;|fil 

<^*t**NiDT ilfciti:, N.dt 
"* x (x) EATfc$*vr*5?K 



I DT 



{IU N i dt * AX (x) = 3 3 8 {x- (0. 22 + 
0. 55n) } 2 + 25-?£>D, n(l -0. 0 5 5 + 
0. 55n^x<0. 495 + 0. 5 5 n-Ct^5lS 

[19**12] (0, 0, 9 0° ) \zjs\,^ 

T\ 0^ 12 5° ^0^128° -C^^TK^StSt, 

WESi, S2W y>-7^vh7^73- 

mM%*b*m^ 

StriaRat*<o«ffilSO*SrNREF fcUfct#JC Nref 
te^ffi&^A^o 
[ooo 1 ] 

[0 0 0 2] 

ffijft8«AS*S^HS 6 1 -4 5 8 9 2-§^«icBfl^£*vt 
v^5« 
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(3) 



1-2 9 8 2 9 0 



[0 0 0 3] ^(05ttrS[*^IB*^»tt*aBa»B-r 

^^x^l— f- («t, idt) ^m«^®§rho , 

KfiAttfct*^ X= (a/ (a + b) } (ho / 

a.) -c*S*tsxi:, W^fiet^ e= (- i 8 7 

0 7. 5X 2 + 21. 4 2 9X+X 2 9. 5) b~t%^ 
[0 0 0 4] 

[0005] *^pjog«jti, ±siiLfc«e*fi[«^>^jS; 

e- 1 2 5. 444-108. 27X 

[0 0 0 9] »3R3S5^fa«cO*P^-Ctt. StllSIDTS: 
*St5»W J Wtfc^ IDTOlSSrh, ID^ 

0 = 125. 7 0+4 9. 87Xd 

[0 0 10] «*3S6iCfa«<0«W"Ctt-, ffjElDTO 

*5 0, WE I DTOll1fiffl<ojetftS:NioT bLTcbZ 

{Z^ Niot ^5 2 0 O&TFt £*XTV^ 0 . 50 
[0 0 11] W#«7|CE*<D«fflT?tt. StllSN.oT AS 
lOOOTirSntV^o *fc, Wf#*8tt:E*M«WI 
-Ctt, tHiSNioT ^2 oUTb £*vcv^ 0 if*:^9{- 
IE«E03gW"Ctt, flfjE I DTO*B5fte»*l6lWffll*cia 

*&£Nref tl/c^C, Nref #2 06TFfc 
[0 0 12] §S#JSl 0(cE*W«9!ti\ 

[0 0 13] 8t*Si l KE*fetf>«9!tt, JB l, ^2 0 

/f7-ft (0, 0, 9 0° ) ^*5V^T, 0^ 12 5° 
^0^12 8° -?fc£*a*Kfc, StJE***IE±i-*5 

t^Sffitffll-i SflWcSttTV^fBl, SB 2 CO IDT 50 



* [0 0 O 6] 

ft, *>f?-* (o, 0, 9 0° ) ic*5^t. 0;6\ 1 
2 2° ^0^131° "CfciTKfiSffifc, itfJETkiSI&ffi 

9, fll^fiSixTV^^) I DT b &1Mx.Z> ^. b %tW$kb~t' 

[0007] i»5ft3S2^E*^>*e^(-«5#ttaffift» 

fill, aM^-ft (0, 0, 9 0° ) tc*5^T, 0tfs 
12 5° ^0^12 8° "CfcSTKfiSfii:. IIiJEtKeSbS 
«±iC»/S£*tT*5 9 ^Ta *fcttWSr$tf«ffiWJ|S|- 

t-<t *)ffif&£tiXi<^Z> I DT wirSrltiati- 

[0 0 0 8] |f*«3(cE<80»W"Ctt. 

I»(OSfi&Ulfct#fc WEI DT<0«8SSfX 
«j3S4 0 AKTfcSftT^So l»*«4(cE«<058M"C 
tt, StlEIDT^flf^-r^m^^TaTfc 1 ?, ID 

v/^S:"d t Lfcfc 0^ s , 
d x h/l ± l . 2 (1) 



Xh/U 1. 2 -A (2) 

ffitte«*l^WW(-EfiS*tfcRlt«fcS:fltx., 

^2 CD I DTM©3f* y ^<0*ffijfteK8*l6l^» 

x=G/;i, # I DTO««*8<^#*8:Nidt fc 
Lfci:*^, Niot j&sNidt max (x) KTtSftt*J 
0, {It, Niot max (x) =3 3 8 {x- (0. 22 
+ 0. 55n) ] 2 +25 "Cfc 5 ^ n tt, - 0 . 0 5 5 
+ 0. 55n^x<0. 4 9 5 + 0. 55nT^££lE 

[0 0 14] 2KE*c<038WB\ £1, S&20 

I DT&*i"5llEll*^a»tt«ffi«7^^-CfcoT, 

*>f9— ft (0, 0, 9 0° ) tC*5Vvr, 0*5, 12 5 
0 ^0^12 8° -CfcSTKfiSSt, flflE*f0SS-bl- 

Ti:, WlEWl, IB2<D I DT<OH(t5>nTi^5fia*jcO 
*ffifte»*lftM(Mi-iaBS*bfeRlt«tS:«xL, flftE 
RltSS<OWSlfi^ftSrNREF tL*:!:*^ Nref #2 

[0 0 15] 

«5»tt«B««BO#»3^*«»WS:RW"rSwi: 
[0 0 16] Bill **W^»i^*fll-«5»t4 
S*g+ l [j:, ffiJKO**S«2S:fflv^«*$tfCV^ 
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5 

£ 0 wO*ffi*R2T*tt* *>f9— ft (0, 0, 9 0 
0 ) K*3^Ts 0^122° ^^131° h£HX^ 

[0 0 17] 7kMS2±f^ IDT3^M^tlt 

I DT3tt, tSti3 a, 3 b Sr^T 

U <lt«i3a, 3 b<7)«ffi«f4ai/M-Mlf U^o 
-CV>£ 0 I DT3<7?.aBe»*lfi]M«8i-, 

4, 5^Kg£nx^£ 0 

[00 181 ±ElDT3StJ5RJtS4, 5(4. 

(W) Kifl^/SSti/O^o SiatJ-RLXtt, 
7KfiK4E2 Jrd, ^>^7-^S:SS#, CVD, *y 

[0019] *mmm<vw&mm$i&M* 1 -en, ^--r 

V— ft (0, 0, 9 0° ) 121*5 V^T, 0^12 2° -1 

3 i° (D^mt savers <zn?, sH^^f^xffiSSr 
[0020] jajS»?a*»ttd s ft»"c*>5fc», 

-Cffl v ^ tit i zKal £4£ T 9 ^iS^ffl 7 *®jS 
Lfc»S\ -tO««H««»g-&«*K2 t40. 6 4%-Cfc 

[0 0 2 1] »tt«as*»«^ffir«tt«ft«« 

ffiJftSSKO^^fflftfltdS £o =2 0 0MHzMW i 
50KHzt«^ *HI£CTc0^ttSffi&*igT- 1 T 

(4, »«tt2 3 0KHzi*5« 
[0 0 2 2] £ OflMSOil, 2 3 0 -5 0=1 

80KHz^ ffl«»i4i-J:5^'tffljfi»^a»(-*l""*" 

A^Ttt, ±!50#&± 9 0 KH z oM^$)^o Z.<0 
WftfiO&IS** f o =2 0 0MHz^9t^i:, 18 
0KH z/2 0 0MH z =9 0 0 p pmbt£%tc£> y ii 
iB#<^&JS«<rai--4 5 0 p p m N »!Ja»ffll(-+ 4 5 0 

fc*><^ jajfi«gCMb*i4± i p pmAamso * 



(4) 1$5Sfl 1 - 2 9 8 2 9 0 

6 

Lfci5l-9 0 0.ppmt?*5fc», HftfflMSSSH 
(-10t-5 0t) £%XLfc#£\ ltfcfc9 90 0 

p pm/6 ox:= 1 5 p p m/x;fr&mm-m-t ^ t \^ 

2 o°c-8 otlHoi o 0 o ccD^S{t;[c2rr£J3&$: 

gtitmfr 1 0 0 p p mU*T, -ftt:t>h, 1 °C*>fc 9 1 P 
pm/^EXTSr^-t-*** Hfttt. ^7 -ft (0, 
0, 90° ) t'0 = 125° -128° -Cfcfco 

70 Hrt<D;fc5ftffi£r0' tit, ro^OftSe' 

Wi: LT, «da^«irft«S:*<b**'r9M4*a5a!t#fi 
^OHJMSttSrfflSLfco *S*S:BI2^i-o ft:fc\ 

0' =12 5° 0' = 1 2 8° <nm£>, 

Sr^tfcfcA6, 12 5° -12 8° rt"C*>*Ui* 0' 14 
^Ofta^fcor<>lRlC«|nlS:^i-i:%x.e>ti5« 02 
\^£ftX\<^£ ?fc H 0' +3° tlSppmA, 
0' -3° ■C-15ppmAt45fe», Htti-H* 

12 2° ^0^131° 

20 [0 0 2 3] -tftfrh. 0*122-13 1° OKBt 

0*125-12 8° OKISt L/c4&^l-f4, J: 9 — Jl 
[0 0 2 4] fc*5, *fi*«<0* bftdo^TttKii 

ot\ ^2/hft9 0° SrBftt Ufc*&"C*>oXt, * 
^(cSJ3t^n/c^tt*ffi&*ST-Xt4, #;yhftt48 8 
— 9 2° <DWmKhtzZ>~bfrhZ>o L**L4as^ ft 

±ISOj:5t-±2 0 e«e»*l6ldSTixfct tt 
[0 0 2 5] »tt*ffitt*fi^J;9»*LV^] 

ttr, *>T9— ft (o, 0. 9 0° ) mfcttseau 

^0 25-130° OffiHt-fc5#i4«Eft*«^0#«» 

^-JBjK«WttS:ia3Jc^-t- 0 H3^?>Wfed»<c«t5 

^ ?>>y*T^%mmttnb lt^v^t i dt 3w 

*t»4, 5f4, &m^*fflV>fc4^&(Cit^T, TKfsStS 
50 ^oe*3SSdS3SHT?*>5fc«>. ADXtSaxfcf?, K 
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[0 0 2 6] ft*5, H3«C^Lfc#tttt, 1. 5X1. 
8X0. 4 mmcOTKfBStS-CfooT, 0 2*12 6° 
oT, I DT3«^»t=2 5*L R»t»4, 5 

[0 0 2 7] *H36M#5>tt. ±IE<0<t5S^ 

(0, 9, 9 0° ) ICja^T, 0-12 6° fc Lfc* 

M(S^fflv\ ^y^^rX^i 1 ? I D T 3 S-LKS^tS 
4, 5 SrJBfiK-Tixtf , &#t£$cmt&<D'&btiZ> Z b % 



70 



eSr, «tttt^>-^— ^*Jtfc^t~ 0 Bl4^bKe>^ 
0§\ 12 5° 12 8° UTtLtzm 

[0 0 2 8] *B*W#fott, ±a?tfc*S*§r^^^s 

<OJS*, I D TSritftStWm^T a tf* 0 , ID 

TOJBBSSrh, I DTOlI^^y-Tt-i/ayi/ 



0 = 1 2 5. 4 4 + 1 0 8. 2 7 XdXh/Ul. 2 



(1) 



[0030] H6H -2 o"iC}5*fo8 o*t:-eo*aJBft 

*k *SJatt»^ja»*«ik*3ft 5 1 o o p p mtirt^ 
20 n£^u m»cfciiji6Dt^>iBoisii* s ffltt«sc<t;* 

[0 0 3 1] t4b^ B6©|»C, L>ffl<Dm&&W: 

0 = 1 2 5. 4 4+ 1 0 8. 2 7 XdX (h / X) ±0. 3 ■■■SlO) 

[0 0 3 2] iot, lli^tLTTa^ffll^cI^ [0 0 3 3] *»*W#bti, «1»ti|Sffc LX, 

fete. aSr, ±^Lfc^C (1) &mtc-tmWt-tZ>Z t 30 TaClUX, wSrffl^fe^tSrlft^m ±E4:RI« 

0 = 1 2 5. 7 0 + 4 9. 8 7 XdXh/l±l. 2 -^(2) 



di , WBffiBflO^Y^^WS^ fcLfcfcSU:, d 
= di / (di +d 2 ) -C*Stt5fl[TfcSo 

[0 0 2 9] 12 5 0:. 0 = 127° -C#>5. 
-T^— A (0, 1 2 7° , 9 0° ) (OTK^S^-bt-, T 
a^645IDTfeh/A=0. 0 2t45W*l^ ^ 

od=o. 6 kte%£o^Mf&Ltzm^(D^\±mm&# 

U=f- 1 <DJBift»»«4#i4S:*-*-o fc*s* 18 5 disvvr, 
(f - f 20) /f ao Cp pm] tt, 2 O^SraWi: Lfc 



CD 85 IS i: ~rti&£ ^ r. £ £: JLffi L/c Q 
[0 0 3 4] 0711 WSrfflv^/cii-fr(Oia6lcrtai-<5 

eix*>?k -2 o^&s o^-co^fijajRfcojajSft 

^W-St^^i^d x (h/X) fcel:tf>Ba« 

H*S*«fflft«tO««**{t*d s 1 0 0 p p m«rt(OR^ 

0 = 1 2 5. 7 0 + 4 9. 8 7 XdX (h/X) ±0. 

[0 0 3 6] <toT, aSr, iifiLfcst (2) 5rfflfc-r 
«5Hi:^5r tic ±9, «tt>»*L<tt* (4) 5r«fc 
t8iit5wtl-J:9, -2 0-8 0°CO«SiartX^ 
*fijaJSS»Offljfi»Sft*!5 s 2 0 0 p p m«rt, <fc 9 » 

[0 0 3 7] ftfc, Jd*Lfcl81fi«-?te, IDT3M 
fifeUfc^. I D T 3 o*S:^ y ^/^^ y^^f yt» SO 



0 p p m^T^>«5IST^^ w t S:*"**o 
[0 0 3 5] 0 7(OHj^G, HTj*^tl/c>5ia^, Rzl 

Sr$»T5£Tart"fc, ±y*Lfc5S; (2) irftSo is.it s 

3 (4) 



[0 0 3 8] SfclC IDTSCo^Ttt, ^0£<£§: 

[0 0 3 9] *K58W#&tt, ±E»e<0*Y9-flO 
**Sffi±(-, Ta*fcfiWSr*tr««»W«cJ;i9«fi8; 
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[0 0 4 0] (0, 1 2 7° , 9 

0° ) <E>zkfi£ffi±l^ TaH45IDTS:h/A = 
0. 02, SU { d=0. 6 4:45 «t i\cMf&LX* Ell 

«ffilfi^>*t«NioT SrBOfcU «SJ&£X«£:«*S 

K7jk-r n 4*5, 0 8—1211 0O«*ltt, fflfe&%f. * 
tlS&^S: f rtLfetS (f-f r)/f rXlOO 

[0 04 1 ] IS 8 tt. ftffi*B3SX«dS 2 5 A <om&%. 

m 9 }Jits«ts^ 4 o a <d^£, ei i o fis^m 

*3t«*s i o o X <o#<&o*S*S\ **x-Pix*-r n EI l 
oa»e>Wfca»4J: ««Bt5SXH*5 1 o o l <om 
£\ ^ep I -r^i-J: 9 t-, 3miikEL9*Wi&k<»m^ 
^4:b*>S?«f*jlc«^— Klc±5*#4^^y 
£LT^£ 0 LT, 0 8^I>*El9i^ir:'f-^ttT* 

^mtixv^4v\ 20 
[0 0 4 2] ±8E^^yr^tt, S*^— K<0«»^Jt 

5t#x^ 0 ^oT, BI9^C>, KlwitSH 

[0 0 4 3] £roT, *%m^fll«H&{£«(Btt%B^*s 
v^Ctt, I DTO««IJ8XX«S:4 0 AJ^T^-T^Ci: 

[0 0 4 4] 4*3, ±S*LfcS (1) (2) 30 

r i: £ o 
[0 0 4 5] Wc, *IB*0!#&tt, IDT^ifeffi 
*WW«^S»»*SE«S*bfc»tt*B5»*«^, -T4 
*?*>BI l ^ Lfc J; 9 4MM4*Btt#fi : F- 1 KfcttS, 

IDT^tSfi^JftftNiDT Ol#ttt-^x.5^5f^^-< 40 
/Co S»»4 ( 5<0»»*4<i-fc»^ R*f»4, 5 
SrNtti 8 *^ ft (0, 12 7° , 9 0° ) Ozk 

fiS4E±^, TaH45IDTS:h/i = 0. 02, 
a>od = 0. 6 4:45J;9^»«L!iW4*ffijfi*«T-Sr 

^i^Sr«'J^L/Co *Sm§rEI l l ic^-To 4*5, -Yvtf— 
^^Jtlirtt, ^ffieet^r r o, g^gfifei^ r ail 
fctttd. 20 log (r a/r o) -C*$*t?>tt"C*> 
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[0 0 4 6] Ell iA»P>9Bfo^4J: 5^, Niot *s*fjB 

-f^tr— ^^^tt:^*#<4 0, Nidt 

3c fct, _biS Nidt % 2 0 0 «T k Nidt 

[0 0 4 7] iot, *3BMtcseoT, JblE^^^ 
7— ftOzk*&R±i-. Tad»fc45 I DTS:Ml/c 

B«#iB*&SSK««+*w Wl:J:ot 
[0 0 4 8] WMMc, *P3§91#fbte, ±EJ«*SB« 

*fi?l|i:oV^, Niot ^^IU Jt*«B (f 
a - f r ) / f r Rtf*«fttt r o «rfflj£Lfc* 
El 1 2XtW2 i 3 {d-tix-Pix^i-o 
[0 0 4 9] Hi 2*»feMP>^J:5t-, ItflfWBKoi^ 

TW\ Nidt |COttT^>-f 6 Nidt ^ 

2 0Sr«x.5fc)ilS— Sfc4oTV^ 0 Sot, Niot 
^2 0OTtt^i tt:*««S:NioT co^§:P9Si-5 

[0 0 5 0] Sbi:, El l 3j&»fe9Je>a>4J: N 

idt ^tijJD-r^^onT, *Mfi6t^ffi7L, Nidt ^ 
5 0 §rg^5 4: *fi«etdS(atf-S fc 4 6 r. i 

£o iot, Ell 3*»ib, Niot & 5 0 J^T t 

Niot <^«*W»^5 ^ t i 9 ^Jgffi^ttSrWSI U 

[0 0 5 1] J:oT, Ell 2&t>*Ell 3^^, 

o T±15#«0 ^ 7 — ft 07Kf B SS±t- T a a» 4 
5 I DTSrJKrtLTWtt^Bft**^! Sr*J«Lfc» 
N.ot OfcSrmE-ra^fc^J:!), -r4fcfe, N 

idt <Z)*a:l 0 OfiJITfc Lfc»^^tt, Nidt C0^C$:S 
^, Nidt <D$t% 2 0 gJLTt L/c^t'tt, Nidt O©: 

[0 0 5 2] *H5BW#6>tt, ±IS#<4^®^# 

^T-l(C*5^T, (0, 127°, 9 0° ) WaSfi 
±iC I DT3<Dmm&h/ X = 0. 0 2k45i5IC, 
d=0. 6iJt£5±9l-LTI DT3Srfl2fi£U RttSS 

^itO^L$r^^^c 0 SlSSSriai 4 (c^ 0 B|i4 0tH 

[0 0 5 3] *fc, Ell 4<E>**ftKt ttN.oT =5^# 
^, ®i^K2 (IN.ot =2 00^ — ^flMftKa ttN 
idt =8 0(£>*§£\ Zl ( fe^i^K4 ttNioT =160tL 

[00 54] EI 1 4a»P>9ie>j&»4J: Nidt <0»O 
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11 

dSt>^5« Sfc, Nref <d&&2 o&a£Z>k 

[0 0 5 5] t^oT, Nref Oft St 2 0 J^T t -*"*LMf, 
Nref <D9k&m&tZ>Z bK&Q 4 ^V—f^XO:*® 

OftSrBUfi-t-5 r b KX *) ^ ^JXJtSrSfii-WI 10 

[0 0 5 6] *fg^^«4SHt*ffift3S«-Ctt, ±i&L 
tfttSiS^iT- 1 Sr*«ffl t n b lc J: t) Ptt^® 

st- i sr, mmRxfmm\~w.?m&m*s i-s3 
^^*fflstTt)j;v\ m$k<vw&mffi$i 20 

[0 0 5 7] IS] 1 5&V0 2 2 Sr#H8 LTftSrr 

Nidt MAX (x) =3 3 8 {x- (0. 



-r^SnSffi-CifeSo ^r.X 5 , I DTI 3, 14»^ 

£SC X x=G/A-C*>So *fc* ntt, ™0. 0 5 5 + 
0. 55n^x^0. 4954-0. 5 5 nt^5St 

[0 0 6 2] **MS«0«tt^S#f4«ffi«7>fA'* r 1 
lTtt. Nidt £\ ±|SNidt " ax (x) J^Tfc £*1T 

Kfc wewssfc^e — Ktojattftso^^raafifts-it-t-aJt 

* (%) ) S:IH«i-*wt^-C#. ^axKioTflfttW 
SrBISt5ri:^-C#5„ rttSr, El l 6 -0 2 l Sr# 

[0063] 016 (a) RTf ( b ) tt, ±E3W4*Bfi 
R^yV*' 1 1 b ITs »1, m2COIDT13, 14 
RflCD^r-Y y^SrO. 5 0 X b U Nidt ^50 (0 16 

(a) XV 3 0 (016 (b) , N 

ref =40fcU I DTI 3, 1 4 fci£«**tfcK*t« 
15, 1 6t^(0«€t»MWS^t7^ 
0. 5 0 X b U tt*n>f >"tf— y>-*$:5 0 Q£ Lfc 



30 



40 



#i^0l 7-2 0(^"T»ttS:?#S(-BBU TKfpSKi: 

LTtt. ^ 7— ft (0, 1 2 7° , 9 0°) (Di><D% 



50 



12 

*>*ft*K i 2 Til, £ l <D**«<Di«4*ffitt#« J P 

0*&fcH«(£, ^-f^-ft (0, 0, 9 0° ) ttl*5^ 
Ts 8*125° ^0^12 8° tStt"CV^5o 
[0 0 5 8] Tkfigfcl 2±(CI1, «1, I2(^)IDT 
13, 14d«$tlT^5 0 IDT13, 14U, * 
tl^tl, —tt<D< Ltf HIS 13a, 13b, 14a, 1 
4 b £Wi-£ 0 < LftSIS 13a, 13b OflHlttS 
VM-PiWf L^ot^So <ltlSl4a, 1 

[0 0 5 9] IDT13, 1 4 (i, «ffiifie»S#- 

£ Q I DTI 3, 1 4*SRtf fc;h/r^S«ttO*ffitte 

±15 I DTI 3, HRffSltSlS, 16tt % 

* 7 s " ^£ fctt * >- * J; 19 *J6S $ tLT 0 

[0 0 6 0] *3llteCT<0iW4*[B«[O»«tt, ±iE1#5£ 
OzKSStESrffil^TV^:: b, MVtCIDT13, 14 

Ta *fcttwft$tpm«»»{-<t9*«Lfcri:lc: 

AD^LT, »1, f 2COIDT13, 14(0®^ 

Jtco>ctftNiDT TIBOJ: pi-LTS^ti6NiDT 

UAX (x) WTt sti-tv^rfc §r#»i:i-£ 0 

[0 0 6 1] Nidt max (x) (1, 

22 + 0. 5 5 n) ) 2 +25 

(5) 

IDT13, H^lglfh/^iO. 02, d tt 
0. 6irbfc 0 

[00 64] 116 (a) , (b) f^^Wtttt:*^ 

£ 0 ^PPLi , L 2 T^fftSfiSrittti-ixtfWb^J: 

9 ^, Nidt ^ftSrgfffc^fcr ICj; 9 % ««H*% 

[0 0 6 5] ±ia»««^aE{ttt, S*^e- K«-»LT 

[0 0 6 6] *4b\ ±IE*««^3C^fctt, Nidt COftfc 
ttT>i<, Si, S2COIDT13, 14Peg^^r^iy^ 

bli-fco Hi 7 -Ctt, I DTI 3, 14P^C0 

=¥^?/7°x = 0. 20UU 018Tfix=O. 50 
UU ai9tlix=0. 7 0 a t U H2 0"Cttx 
= 0 . 9 0 X b UfCo 

[0 0 6 7] 01 7—02 o^e>Wb**<t±5i-, ^-v 

?/^xCOffi(c:SDfflTtC^^e>-f, Nidt <0ft*fl£'>i-£ (C 
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OUT, tt««a s *#<*9* N.dt #*#<fc*l-o 
nr. »«tflas/h$< Nidt fl*— 5£tf>1itt£rffl;i5 



[0 0 6 8] iot. 



[0 0 6 9] ffir«Bd5 0 fcfcSNiDT <D%L 10 

btt, IS 1 8—132 Ot-^Lfc^ir^i-, IDT- 

Niot max ( x ) = 3 3 8 { x - ( 0 . 

fcfcSo ntt, 0. 2 2 + 0. 5 5 n- (0. 

55/2) ^x<0. 2 2 + 0. 5 5n+ (0. 55/ 
2) 0 5 5 + 0. 55n^x< 

0. 4 9 5 + 0. 5 5 n-S (6) 4rft£>« 20 
[0 0 7 3] nil, ±5£Lfc5£ (6) SrflBfc 

ic, xh JbfSNioT HAX o(ii[t(OB8i-ttJBKB14A 5 1?ffi 

L, Kot^ (5) t^Lfci?^ Niot hax (x) 

[0 0 7 4] ioT, ***«0«E3e-frS»tt«tB«7 

I DTI 3, 1 4 CDflHfifi<D*HRN 
idt §\ Ji|B^ct9(-LT5£«l$4x5NiDT MAX (x) 
^TtttiH «««S:»5 3.4:a s T#, L3&»fc-t<Z>J6 

[0 0 7 5] btt. i:K«*§'&S!»tt: 

ref jfAS^t^J: 

(0, 12 7° , 9 0° ) tf>7KfiS«-bl-. h/A = 
0. 02, d=0. 6 kteZX 5f-Ta »IR*»fe>i5 I 
DTI 3, 14?:MU Ht< Ta»I«*»kfcSRlt 
»15, 16 Ol«iJ§0*t5rI^ "bit, 

:7^a-^ l licov^, #A^*§rffl0^L/c o &JH&13 
2 3 t^-t* 0 

[00 7 6]St ±IB#Aa*tt, I DTI 3, 14 
^)Il}§<0»Mt>' I DT 1 3, 1 4H|(0*ty^G(0 
*#SlCt»W*tb5fc», I DTI 3, 14 0«ffi}t 
OSSSVI D T 13, 1 4 ffl(0^r^r 3/^Gd5R/j;5 J: 

[0 0 7 7] 1E12 3 A*6>Wb3&»3iJ; I DTOli 

ffi^#«NiDT OjfcRlM DT 1 3, 1 4 5/:/ 50 
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iot <D&$:M£>tc 0 *£m£E]2 l^i" 0 

[0 0 7 0] [32 lOSMtttt I DTBU^^-V s^XOffl 

§r*U JKttttNioT o«§r*ci- n B3l8ic 

x^0. 5 0 X(Dm^\Zte s Niot = 5 0 K*5^T|&« 
**S0fc*5« 8oT, H2im X = 0. 5C0tr 
%"CFi, Niot H5 0i$;h/0 N 5o 

[0 0 7 1] iot, H2 H^v^, mj££fttc&& 
idt &Rje-«xtf, i^N 

iot (o^t^mrnxm^-t^ ^t^x^om^m^m 

[ 0 0 7 2 ] [3 2 1 (DftJftMSriSH+S 4: , fti©M±0 
Niot OfSN.OT MAX (x) f±, 
22 + 0. 55 n) } 2 +25 

-* (5) 

G<D*:%&<Diai{5i\cmt>h-r. RJt«is, i6^m^ 

[0 0 7 8] &oT, Nref Sr2 OfiiLTfc-rttH, N 
ref Sr^gi-^rttciO. »A»^S:BHiU#<5r.t 

iSto**5o Nref (OftSrBB»"r5^ft"C, S 

[0 0 7 9] fc*3, HI 5^*Ufc!*tt*ffift7-f^^ 
llttt, #1, S2COIDT13, 14^«1S 

MWt^tOTfcoTtiv^ [3 2 2 ft, BU'Stc^ 
LfcKH6^®SM4«ffijft7-<^*' 1 1 £ 2 JRi£*S L 

[0080] sH4*ffift7-</w^ 2 l-ctt, 

1, S2£OIDT2 3, 2 4^^$tlT*5 I 9, IDT 
2 3, 2 4 (£>I2tt fciXTV^S««0«ffiaeilft*|filHflM 
tCStt^2 5, 2 6^^^^tTV>^) 0 Sfel^ IDT 
2 3, 2 4dSJBfi8StLTV^5««i7>fl!|*^ *1, »2 
OIDT2 7, 2 8*SRtt5>iXT*3 9, IDT 2 7, 2 

2 9, 3 0*S|JttP,tU"CV^4o IDT2 3, 2 4, 2 
7, 2 8tt, — »0< L*m^2 3 a, 23 

b, 24a, 24b, 27a, 27b, 28a, 28b 

[0 0 8 1] r^Ttes IDT 2 3, 2 4RX?R&$%s2 
5, 2 6X*m&£tl%W&m&$i7 4sl>'*Wh, IDT 
2 7, 2 3 0-C«fifcS*L5»tt*ffi 
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15 

[0 0 8 2] I DT 2 3 (D — Jj<D < LftH® 

2 3 a frT—^-mm^fitZft, 1&jj<D< L#«ffi2 3 
b 1fi s IDT28 <D—Jj<D < till®® 2 8a {Cflj^ftHC 
S^£*VT^£ 0 *fc* IDT2 80ft^<L*li 
2 8b&T — x9fiLlZ&jgL&tlX^Z>o ffiot, ±122 

[0 0 8 3] 

ffiJitc I DTS:?l?fi8;LT*5#tt*ffijft36Bi-*5V^x, 

lTt^7-^ (0, 6>, 9 0° ) {C^oV^T 

0^12 2° 13 1° «TOtO$:fflV\ ^ol 

DT^T a *fcttWSr$tp«ffittJ|s|.Srffll^«JBRStbT 

[0 0 8 4] »#qi2^|B*o«W^J:tttf, *AS« 

_L(c I DT^MLT^^WMffiSSfl^v^, tK 

A&K& ttt^ ^ — ft (0, 0, 9 0° ) ic£>l^T0 
*12 5° £A±, 12 8° UT(Dh<D^m^\ I DTid* 

IBHSlC, T a ^W^fflV^ I DT^jnt^6(0 

[0085] Bi5R3S3fcia<fto«eBicj:ms. ass^i 

[0 0 8 6] W*3S4{^E«(^*eB"T?fi, IDT^M 
+ 4««Wfi-* 5 Ta-Cife5, 7K**«0*>f 7-ft^*3 
#6 e^JbifcLfc* (1) SrJBfc-tlili &*IX^Z<D 

x\ -2 o~8 ot:<offla[|5ia(-*3tt5fflift*^b^ s 

[0 0 8 7 ] 5 l;:E*W>*01-?W:, I D T 

•t-5«*ttJ|sfdswT?fci9, *SS«0;*-f 9— :ftK:tett 
*eaU:ieLfc:* (2) Sr*fc-f«i:Stt"CV>SO^ 

-2 0-8 0^fflftttH^*Jft5«ft»^fc*^2 0 
0 p pmJ^Ti: S*U fi# £#t-eS«4* SB 

[0 0 8 8] !l#96!cEt(0«eBm IDT(DSI 



(9) ftfflW-l 1-2 9 8 2 90 

«jnx^D, se>(ciDT<o««ig<o*t»NioT- 

[0 0 8 9] if *5 7 f-EttOWPJ-Ctt, Ni dt ^10 
[0 0 9 0] W#^8fc:E*0*W-Ctt, Niot 7552 0 

SXTk$tiX^Z><DX* Nidt X 9 it 

[0 0 9 1] R#*9KE$0«Wrtt, 
«ffiJBO*»NREF #2 0«Tfc**L"C^SO-e, R£t 

[0 0 9 2] 0lcEtO?8«-Ctt, IS*^6- 

9 0V^n^tcE*OWtt*fl5tt*fi^-i: LT^«S 

#«««i4i?04«StSrNiDT^NREF SrSBS-r^wttc 

if? vi^«H4S:;|?»(££SW-5 r k &XZ S 0 

[0 0 9 3] ltcE«05!!gic^5fi$*S^S# 

i*«ffitt7-<^^"Ctt. ±E»3e<o*>f 7— ft<^*fiS 
«±^, Ta*fcttWfcftir««M*fc±&«i f ®2 

(O I DTdS«rii$*XT*3 9. »1, S20IDTOl(i 
^C0>Ct3SN t DT dS, Niot max (x) WT«-»tf*tTl^ 

^ [0094] it Jkgt 1 2 ^E4fto«^^fi(«iiee^ii# 

1, *2(DI DTd5JKfifcSnT*5<9, *1, $2^ID 
0«Tfc*iXT^5<O-C, K»SO««JS<D«Nref 
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17 

[[212] Hi^LfcSllftW^WttREftaSW-* 5 ^ 

ft (0, 0, 9 0° ) SC&^T 
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18 

SNidt t9«dtOBag^tit*^ IDT- I 

5Nidt fc«f«B4:^Bi«S:^"t-Bl"C*>>9, I DT- I 
DTffiO^i/^x = 0. 5 0 A£0&&O*SS§r^"t" 



[B3] H IK* LfcHMEWOWttSffijfeafilt^*®* 
t*^^i-Eln 

[13 5] HtS^J^^^ffi^^l-^^T, dXh/ 
A = 0. 0 12, e = 1 2 7° <O»^0>Ja»»M«4$tt 

iUTa&fflV^i^ dX (h/*) tet<DM 

[is 7] nifiw<o»tt«ffi«*fi^^*3^T, 

[El 8] ||Jfi«o#tt*ffi«#«^J-*5ttSR*SJaiJ6 

««Mt asxB* 5 2 5 a. <Dm&<Dm&£^-tMo 

[El 9] |SjKCT<o»tt«ffitt*fi^i-*3tt5R*KJBft 

[Bio] ^KSWoiiMSXffijft^fi^tcisttSR^fiJa 

WS»£Xfia 5 ioo A<D*§^co#tt£^-rEL 
[El l 1 1 **«<OW«ffitt#S^i-#ttS I DTO 

Elo 

[Ell 2] ^ffiCTco^tt^ffi&^ST-tc^^T, I DT 
[Ell 3] ^ISCT^WttSffift*^^^^^ 1 DTC ° 

[eh 4] mMm^w^m^u^^^, m$$* 40 

Elo 

[Ell 5] #«W<0*2<D**OTfc LT<ottfi^SHH*fe 

[Ell 6] (a) &t>* <b) tt, Nidt ^mit^tzm 
[Ell 7] ^«£0ijcoi|tt»g^®#tt*ffift7-<^^^*3ft 



[Ell 9] SlSM^tK3te'&a»tt«ffijfi^-f^^^*5^ 
£Nidt fc#ttBfcOB8«*^"B^fc9* IDT- I 
DTF|(D^-V y^x = 0. 7 0 A<D#&<Ojg*Sr^i" 

19. 

5N.0T fc«t«EBi:OBB«S:*i-H-e*)0, IDT- I 

DT^^rt j/^'x = 0. 9 0 A O^r^ Of§*§: Tfrt 



[H2 1] **«<0«l6-&Si*tt«a5*7^/u^^*j*t 

Elo 

[B23] **«(OttJfr&a#tt«Bjft7-f/b#^*J*t 

^tEL 

[B24] ^ffigiJcO^ttSEK^tg^Sr^ffi^^W^ 
2---tKhb&1£ 

3 I DT 

3a, 3 b — < X^MMM 
4, 5-RJf» 
4a, 5 a --WHS 

1 l-«lB^H»tt«ffi«7>f/U? 

1 2-*ftSS 

13,1 4-»l, %2<D I DT 

13 a, 13 b, 14 a, 14b--<L#ftffi 

15, 16 -Kit* 

15a, 16a ••■'BttJS 

2 2 "•7kls&& 

2 3, 2 4-11, S20IDT 

23a, 23b, 24a, 2 4b-<L*tS 

2 5,2 6 -Kit* 

2 7,2 8 -Si, ^20 I DT 

27a, 27b, 28a, 2 8 b •■■ < L#«S 

2 9, 3 0-R*t« 
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[B13] 



100k 
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[El 7] 
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<b 126 - 
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0.005 



OJ010 



dx (h/A) 



[0 8] 
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IE11 1] 



m 60 1 — ' — i — » — « — ' — 1 — I r 
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t — i — i — i — ' — r 




1 DTaWUKttttN i dt 
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